The effect of the quality of dietary protein on the initiation of temporary anemia during vigorous physical training (sports anemia) was studied in dogs and rats. In the dog experiment , one group of dogs was fed a crude animal protein (AP) diet and the other a crude vegetable protein (VP) diet. After 6 weeks on the diets in a sedentary state (rest period), all the dogs were forced to run every day for two weeks (exercise period). The rat experiment was carried out using purified nutrient mixtures. Casein (C) was used as AP and gluten (G) as VP . Feeding was done for two weeks in two series with two diet groups of rats . One series was 15% protein feeding (15% C and 15% G) groups and the other 24 protein feeding (24% C and 24% G) groups. In each group, one group remained in a sedentary state (rest group), and the other ran vigorously on a treadmill every day for one week (exercise group). In a sedentary state , there was a slight tendency for the hemoglobin content or erythrocyte count to be reduced, even when the values remained within the normal range, in dogs and rats fed VP. On the other hand, after vigorous running , significant anemia (reduction of hemoglobin) appeared in the VP diet dogs and in all exercise rat groups except the 24% C group. It was confirmed that the anemia was caused by a reduction of erythrocyte resistance to hemolysis, which was closely related to changes in the lipid composition of blood (serum and especially erythrocytes). The change in lipid profile revealed by the experiments was a reduction of free cholesterol in blood associated with an increase of lysolecithin in dogs during the exercise period 129
Summary
The effect of the quality of dietary protein on the initiation of temporary anemia during vigorous physical training (sports anemia) was studied in dogs and rats. In the dog experiment , one group of dogs was fed a crude animal protein (AP) diet and the other a crude vegetable protein (VP) diet. After 6 weeks on the diets in a sedentary state (rest period), all the dogs were forced to run every day for two weeks (exercise period). The rat experiment was carried out using purified nutrient mixtures. Casein (C) was used as AP and gluten (G) as VP . Feeding was done for two weeks in two series with two diet groups of rats . One series was 15% protein feeding (15% C and 15% G) groups and the other 24 protein feeding (24% C and 24% G) groups. In each group, one group remained in a sedentary state (rest group), and the other ran vigorously on a treadmill every day for one week (exercise group). In a sedentary state , there was a slight tendency for the hemoglobin content or erythrocyte count to be reduced, even when the values remained within the normal range, in dogs and rats fed VP. On the other hand, after vigorous running , significant anemia (reduction of hemoglobin) appeared in the VP diet dogs and in all exercise rat groups except the 24% C group. It was confirmed that the anemia was caused by a reduction of erythrocyte resistance to hemolysis, which was closely related to changes in the lipid composition of blood (serum and especially erythrocytes). The change in lipid profile revealed by the experiments was a reduction of free cholesterol in blood associated with an increase of lysolecithin in dogs during the exercise period and in the rat exercise groups. It was suggested that repeated physical exercise increased the activity of LCAT (lecithin-cholesterol-acyl transferase) in the liver, spleen, etc., resulting in the above changes in lipid patterns in the blood. In dogs of AP and rats of 24% C, however, those changes in lipid pattern caused by exercise and sports anemia did not appear significantly. The different effects of the AP diet seemed to be due to the antagonistic effects of lysine, which was present in sufficient amounts in the diet. Thus the theoretical basis for our recommendation of a high amount of AP in the diet to prevent sports anemia was clarified by the present experiments. The mechanisms of the different effects of AP and VP, especially those due to their different amino acid compositions, were discussed from recent studies on the effects of protein quality and physical training on lipid metabolism. Key Words physical training, diet protein quality, animal protein, veget able protein, erythrocyte resistance to hemolysis, blood lipid pattern, LCAT, spleen, anemia
In studies on protein metabolism during vigorous physical training by non athletic subjects, Yamaji (1) found that a positive nitrogen balance appeared when the extra calories for the exercise were provided by sufficient carbohydrates. The subjects exhibited a temporary decrease in hemoglobin and serum albumin early in the training (2 weeks), when their protein intake was 1.3g/kg/day on a Japanese diet (25-30% AP). It was later found in similar experiments done in Yoshimura's laboratory (2) that anemia and hypoproteinemia did not appear when the protein intake was increased to over 2g/kg/day on a Japanese diet or to 1.2g/kg/day on a diet containing high AP (over 57%). After some experimental studies, they concluded that muscle protein was synthesized for hypertrophy, presumably at the expense of blood protein, until the subject attained the desired level of physical fitness (2).
Yoshimura termed this kind of anemia as sports anemia,* emphasizing that prevention of it would raise the efficiency of physical training (2) . Shiraki (3) demonstrated that the spleen contracted due to the adrenaline secreted during the stress of vigorous training and squeezed out a potent hemolytic agent (probably lysolecithin). Thus intravascular hemolysis was induced in the systemic circulation and anemia appeared (2) (3) (4) . It is suggested that march hematuria, well known for a long time, may be related to this intravascular hemolysis brought on by stressful physical exercise. On the other hand, it was found that sports anemia still appeared after ingesting 2g/kg/day of protein on a vegetarian diet, in spite of a long and large positive N balance. As the anemia did not appear when a large amount of AP was consumed (2) , it was suggested that some unknown factor was involved in the AP which prevents the initiation of sports anemia (5) . Recent studies on the effect of dietary protein quality (or its amino acid composition, especially the lysine-to-arginine ratio in the protein) on the blood cholesterol level have suggested that AP and VP affect the lipid pattern of blood differently and its mechanism has been clarified (6) (7) (8) . Those reports prompted the authors to examine the impact of protein quality in the diet on the lipid composition of blood and its effect on the initiation of sports anemia, because we had already found that the fragility of erythrocytes increases as the serum cholesterol level decreases (2) .
The present experiments were designed to clarify what kind of protein should be consumed by subjects engaged in vigorous physical training to prevent sports anemia, and to explore the theoretical basis. Experiments were first conducted with dogs fed an AP or a VP diet. In order to confirm the results of the dog experiment, another series of experiments was carried out with rats fed a diet composed of purified casein (as AP) or gluten (VP Amino acid content is expressed in mg/g N of protein (cited from "Amino Acid Content of Foods and Biological Data on Protein published by FAO (1970)"). al. (9) , were used for the experiments. Blood specimens were taken from the tail vein. Rats were divided into two groups of 24 rats each. One group was fed an AP diet for two weeks ad libitum, while the other ate a VP diet for the same period. The two groups were further divided into two subgroups, i.e., one group of 12 rats was fed a 15% protein diet (15% subgroup), while the other 12 rats received a 24% protein diet (24% subgroup). Thus the experimental rats were divided into four groups (12 rats each), i.e., rats fed a 15% casein diet (15% C group), those fed a 15% gluten diet (15% G group), those fed a 24% casein diet (24% C group), and those fed a 24% gluten diet (24% G group). Table 2 shows dietary compositions and the protein amino acid compositions. As the AP, casein (C), contains a larger amount of lysine than the VP, gluten (G), the ratios of lysine to arginine in casein and gluten are quite different. After feeding the respective diets for 7 days in a sedentary state, each group was further divided into groups of 6 rats each: the rest group (reared in a rest state for one further week as a control), and the exercise group. Rats in the exercise group ran on a treadmill for 2h every day for one week at a speed of 1.3 km/h (0 grade). At the end of the experiment, all the rats were decapitated and the blood was collected. An outline of the experimental design is presented in Fig. 1 . Hemoglobin concentration, hematocrit, erythrocyte counts, HHR, and anti hemolytic value (AHV) were determined. These measurements were made by standard methods except AHV. The AHV (an index of resistance of the erythrocyte membrane to chemical hemolysis with lysolecithin) was measured by the method described by Ashida (11) . Total and free cholesterol, phospholipid and lysolecithin contents in serum and erythrocytes were measured by the same methods as those used in the dog experiment.
As the blood properties were measured using samples obtained in the final stages of the experiments, differences between the mean value for each experimental group and the controls are due not only to differences in physical activity, but also to the differences in dietary protein quality. Therefore, the statistical examination of the significance of differences was first carried out by two-way analysis of variance (2-WA). In many cases, however, the interaction of two factors (IAF), i.e., difference in dietary protein quality and in physical activity, was verified as significant. Thus one-way analysis of variance (1-WA) was also used to examine the significance of the difference between the casein and gluten groups (C-G) and between the rest and exercise groups in each diet group (R-E). The results were taken into account in the examination of statistical significance (refer to Snedecor and Cochran (12)).
RESULTS
A. Dog experiment 1. Comparison of erythrocyte properties in the AP and VP groups Figure 2 shows the blood properties, i.e., hemoglobin concentrations, hemato crit, the HHR and reticulocyte counts of the AP and VP groups in the control, rest, exercise, and recovery periods. Experimental periods, see text. Number of days, last day of the previous period, just before the start of the subsequent period, was counted as day "0," and following days were numbered consecutively. Hb Conc., hemoglobin concentration. Solid dot on the top of the bar, statistically significant difference from the value in the control period. Open dot, significantly different from the value at the end of the rest period. Asterisk, significantly different between the AP and VP groups on the day indicated. * Significant at the 5% level , ** significant at the 100 level, *** significant at the 0.1% level. The number of dot means the same with asterisk number .
The control values of hemoglobin concentration and hematocrit were normal , and were similar in both groups. After two weeks on the experimental diets in a sedentary state, the hemoglobin concentration and the hematocrit tended to increase in the AP group and the hematocrit value was significantly higher than the value in the VP group. The hemoglobin content of the AP group remained unchanged thereafter until the end of the rest period, while that of the VP group tended to decrease slightly at the 6th week. The difference between the mean values of both groups was statistically significant, although the VP values remained within the normal range for mongrel dogs. The hematocrit of the VP group did not change throughout the rest period. The reduction in the VP group hemoglobin con centration might have been due to a slight acceleration of hemolysis, because the HHR of the VP group at the 6th week of the rest period was significantly higher than that of the AP group.
In the exercise period, the HHR of the VP group increased remarkably and the hemoglobin concentration decreased significantly. The reduction in the VP group hemoglobin concentration (sports anemia) compared to the control value and the value at the end of the rest period was the most striking on days 5 and 7 of the exercise period, probably owing to remarkable intravascular hemolysis, because the increase in the HHR was the highest on those days and was significant as compared to the HHR at the end of the rest period. Those values were all significantly different from those of AP. The VP group hematocrit values decreased in the exercise period and its reduction from the control value on day 5 was statistically significant. The anemia in the VP group tended to become less in the late exercise period, probably owing to the production of new red cells as indicated by a significant increase in reticulocyte counts (see Fig. 2 ), but the hemoglobin concentration remained lower than that in the AP group, even at the end of the recovery period. Similarly, the HHR was higher than that in the AP group at the end of the recovery period. In the AP group, however, the hemoglobin concentration and hematocrit decreased temporally and insignificantly in the early stage of the exercise period, but soon returned to the normal level and remained at about the same level until the end of the experiment. The HHR of the AP group fluctuated, but remained essentially constant throughout the experiment. Table 3 shows the mean values of the serum lipids in the AP and VP groups in the rest and exercise periods. The mean values of total and free cholesterol, phospholipid and lysolecithin were similar in both groups during the rest period.
Comparison of serum lipid composition of the AP and VP group
In the exercise period, however, the total and free cholesterol levels decreased significantly in the VP but not in the AP group. Thus the differences between the values in the two groups became significant. In the exercise period, the mean values of phospholipid and lysolecithin increased, with the increase being greater in the VP group, and the differences in values of lysolecithin but not of phospholipids in the two groups became significant. The results in Table 3 show that marked differences Values and symbols are the same as in Table 3 .
in the serum lipid contents of the VP and AP groups had developed in the exercise period. Table 4 shows the mean values for lipid components of erythrocytes in the rest and exercise periods. In the rest period, the levels of all lipid components were not significantly different in the two groups. In the exercise period, however, the free cholesterol level decreased significantly in both groups. As the decrease in the VP group was greater than that in the AP group, the difference between the levels in the two groups became significant. In the exercise period, the values of phospholipids in both groups decreased, but the changes from the levels in the rest period and the differences between the values in the two groups were not significant. The levels of Vol. 33, No. 2, 1987 lysolecithin increased significantly in both groups in the exercise period , with the increase being greater in the VP than in the AP group. Thus the difference in lysolecithin between the two groups became significant in the exercise period.
Comparison of the lipid compositions of erythrocytes in the VP and AP groups

Relation between the fragility of erythrocytes (HHR) and the lipid compositions of serum and erythrocytes
It was found that HHR and the lipid composition in the blood changed dramatically in the VP group in the exercise period ( Fig . 2 and Table 4 ). We calculated the correlation coefficients between erythrocyte fragility and lipid contents in blood, using data of the VP and AP groups on the last day of the rest period and all values in the exercise period. Table 5 shows that in the VP group, HHR is significantly and negatively correlated to the decrease in the free cholesterol levels in the serum and erythrocytes and is positively correlated to the increase in lysolecithin in the erythrocytes, while in the AP group, the correlation coefficients are small and not significant. As correlation coefficient of HHR with erythrocyte lysolecithin is significant but that with serum lysolecithin is not in the VP group, erythrocyte lipid composition seems to be more strongly related to HHR than that in serum.
B. Rat experiment 1. Experiments with rats on the 15% protein diet a) Comparison of blood properties of rest and exercise groups related to dietary protein quality Table 6 shows the blood properties of the rest and exercise groups on the 15% casein and gluten diet, respectively. The hemoglobin content and hematocrit of the rest groups on each diet were similar to each other, although a tendency toward initiation of anemia was noticeable on the gluten diet, and actually a significant difference was detected between erythrocyte counts of C and G rest groups, as seen in the table. In the exercise group, however, the values of those blood properties were lower than in the rest group on the corresponding diet. The differences are larger in the gluten group than in the casein group. The statistical significance of those differences was verified by 2-WA. But as the interaction of factors (IAF) was significant in many cases, 1-WA was applied to examine the significance of the difference between rat groups in the table. It was found that the differences between rest groups on the casein and gluten diets were insignificant except for the erythrocyte count. But the reduction of hemoglobin, erythrocyte count, and hematocrit by exercise (sports anemia) was significant and the reduction was significantly larger in the gluten group than in the casein group. the resistance of the erythrocyte membrane as assessed by HHR and AHV also showed a significant reduction due to exercise that was especially remarkable in the gluten group, although it was the same between the C and G groups in the sedentary state. The significantly lower HHR of the gluten rest group might be due to sampling error, because the value is the lowest level of normal range. Thus the results of the rat experiment on the effects of protein quality on the initiation of Vol. 33, No. 2, 1987 Table 7 . Blood lipid composition of 15% protein groups (rats) .
Values, symbols, and abbreviations are the same as in Table 6 .
sports anemia are essentially the same with those of the dog experiment . b) Comparison of blood lipid composition of rest and exercise groups as related to dietary protein quality Table 7 demonstrates that total cholesterol and free cholesterol contents in the serum of the casein and gluten groups were similar in the rest groups , but in the ex ercise groups those values were lower than in the rest groups . Statistical examina tions (both 2-WA and 1-WA) revealed that reduction of free cholesterol by exercise is significant. On the other hand, phospholipid and lysolecithin contents in serum , which were similar to each other in the rest groups, increased significantly due to exercise in both diet groups. The increase in the two lipid components was significantly larger in the gluten group. Values, symbols, and abbreviations are the same as in Table 6 .
Free cholesterol, phospholipid, and lysolecithin contents in erythrocytes were similar between the casein and gluten groups in the sedentary state. In the exercise subgroups of both diet groups, the free cholesterol content decreased, while phospholipid and lysolecithin contents were greater in the exercise than in the rest group. The effects of exercise on lipid composition were verified as significant in most cases by statistical tests (2-WA and 1-WA). A significant difference in the changes of lysolecithin due to exercise between the casein and gluten groups was verified in its larger increase in the gluten group. This may account for the effect of a gluten diet on erythrocyte resistance in physical training, as stated above (Table 6 ). Table 8 indicates that the reductions of hemoglobin content, erythrocyte count, and hematocrit in the exercise groups (sports anemia) as compared with the rest groups were significant only in the gluten group, while they were similar to each other in the rest groups on both protein diets. Differences in the effects of dietary protein quality in the exercise groups were verified to be significant. The significant difference between the two exercise groups is due to larger reductions in the blood Table 9 . Lipid composition of 24% protein groups (rats) .
Experiments with rats on the 24% protein diet a) Comparison of blood properties in the rest and exercise groups related to dietary protein quality
properties in the gluten group than in casein group which showed no significant sports anemia. The decrease in erythrocyte resistance to hemolysis due to exercise was significantly larger in the gluten group. Thus in rats fed the 24% protein diet , significant sports anemia appeared only in the gluten (vegetable protein) group , similarly to the results of the dog experiment. b) Comparison of lipid composition of blood of rest and exercise groups related to dietary protein quality Table 9 indicates that significant changes due to exercise were verified by statistical tests in reduction of free cholesterol in the serum of the casein and gluten groups. On the other hand, the increases of phospholipid and lysolecithin due to exercise are significant only in the serum of the gluten group. Changes in erythrocyte lipid compositions due to exercise were similar to those in serum. However, significant changes were verified only in the gluten group by both 2-WA and 1-WA. The effect of dietary protein on the lipid composition of blood (C-G) was significant only in the remarkable reduction of erythrocyte free cholesterol in the gluten exercise group. No significance was verified in the changes of erythrocyte lipid composition in the casein exercise group. This may be related to the fact that a significant reduction of erythrocyte and hemoglobin due to exercise (sports anemia) was verified only in the gluten group, and not in the casein group.
Correlation between erythrocyte resistance to hemolysis and lipid composition in the casein and gluten groups
The correlation coefficients between erythrocyte resistance to hemolysis and lipid composition, which seemed more closely related to erythrocyte resistance in the dog experiment (Table 5 ), were calculated. The resistance was assessed by HHR and AHV in rats. Table 10 indicates that in the 15% groups (C and G), free cholesterol was negatively correlated to HHR, which represents the fragility of erythrocytes, while lysolecithin was positively correlated. All the coefficients were statistically significant. In the 24% groups, significant correlations were verified only in the gluten group. On the other hand, the coefficients in the 24% casein group were small and not statistically significant. These facts are accounted for by the results of the rat experiments, where sports anemia was found only in the 24% gluten group (see Table 8 ). Thus erythrocyte resistance decreases as the erythrocyte cholesterol decreases and the lysolecithin content increases due to exercise in the 15% groups and the 24% gluten group, but not in the 24% casein group. It is suggested that a mechanism to be discussed later might inhibit the initiation of sports anemia by utilizing a high amount of casein in the 24% casein diet group.
DISCUSSION
The present experiments were designed to clarify why animal protein and vegetable protein diet have different effects on the resistance of the erythrocyte membrane in physical training.
Results from the sedentary dog experiments demonstrated that the blood lipid compositions of the AP group were essentially similar to those of the VP group , which showed a tendency to slight anemia . When the dogs were forced to run vigorously for 4h every day for two weeks, the free cholesterol level in serum and erythrocytes was reduced in most cases and the values were significantly lower in the VP than in the AP group, while the lysolecithin in the blood increased and the VP values were significantly higher than those of the AP group (Tables 3 and 4 ) . These differences in the blood lipid pattern between the AP and VP groups necessarily reflect on blood properties, especially erythrocyte membrane resistance , and consequently on the difference in initiation of sports anemia in the AP and VP groups. The VP dogs presented severe sports anemia, while AP dogs showed an insignificant, temporary reduction in the hemoglobin concentration (Fig . 2) . In order to confirm that these different effects in the AP and VP dog groups were due to the different quality of dietary protein, another series of experiments was designed using rats fed on mixtures of purified nutrients containing casein and gluten, respectively. The results obtained were essentially the same as those in the dog experiments. Thus the different impacts of the animal and vegetable protein diets are due to the difference in protein quality , i.e., differences in the amino acid compositions between animal and vegetable protein ( Table 2) .
A number of investigations have shown that a vegetable protein diet results in lower plasma levels of cholesterol in humans and animals compared to animal protein diets (Carroll and Hamilton (6), Kritchevsky (7), Nagata et al. (13) ). Based on experiments on the cholesterol turnover rate, Nagata et al . (13) concluded that decreased intestinal absorption of cholesterol and increased fecal excretion of steroids were very important for the hypocholesterolemic effect of a vegetable (soybean) protein diet. Terpstra and Sanchez-Muniz (14) reported that in rabbits, soy protein exerted a cholesterol-lowering action within one day after its ingestion from semipurified diets. The rapidity of the changes suggested that some faster acting mechanisms, such as hormonal regulation, were involved.
Sugano et al. (15) studied the effects of arginine and lysine on the relative cholesterolemic effects of dietary soy protein and casein as initially demonstrated by Kritchevsky (7) . They fed rats for 40 days on semipurified diets containing soybean protein isolate or casein, and with various amounts of added lysine or arginine. Their results showed first that the casein diet led to an increase in the concentration of serum insulin but not of glucagon. They then showed that the glucagon level in casein-fed rats increased proportionately with the intake of arginine , which is abundant in soy protein. Nagata (4) . They produced several sympathicotonic dogs by injecting 0.1mg/kg of noradrenaline intramus cularly every day for several days. Then they infused 0.05mg/kg noradrenaline in saline solution intravenously continuously for 60min. The lipid pattern of blood (plasma and erythrocytes) collected from the splenic artery and vein was compared. The lysolecithin in splenic venous blood increased gradually and continuously by the contraction of the spleen as compared with that of the arterial blood. The free cholesterol level in splenic venous blood decreased inversely with the increase in lysolecithin. Thus, it was demonstrated that the production of lysolecithin and free cholesterol reduction occurred in stagnated blood in the spleen. We found that cholesterol, phospholipid, and lysolecithin contents in the blood of dogs on the VP diet and of rats on the gluten diet changed remarkably due to exercise (Tables 3, 7, and 9). Changes in these lipid components are all related to the activity of LCAT. There have been several reports of increased LCAT activity in physical exercise. Yashiro and Kimura (19) found that LCAT activity was higher and the cholesterol level was lower in the serum of mice exercising voluntarily than in a control sedentary group. Simko and Kelley (20) also reported a rise in the LCAT activity in swimming rats. Simko (21) explained the changes of lipid metabolism induced by exercise as mainly due to the preferential release of unsaturated fatty acids from the adipose tissue and also partly to a linoleic acid dependent LCAT enzyme (transporting plasma cholesterol) during exercise. These effects of physical exercise on lipid metabolism are consistent with our observations of the different effect of animal and vegetable protein diets on the lipid compositions of the blood. In other words, the hypocholesterolemic effect of the vegetable protein diet was accelerated by the increased LCAT activity due to physical exercise. This may be the reason why sports anemia appeared more remarkably in the VP and G groups of rats. Concerning the rise of LCAT activity in physical training, Nikitta et al. (22) measured major lipoprotein fractions of serum, and lipoprotein lipase activity in adipose tissue and skeletal muscle of well-trained, long-distance runners. They found a significant increase in lipoprotein lipase activity and an increase in HDL as compared with those of non-active controls. They explained this increase in lipoprotein lipase activity as being one of the adaptive phenomena that appear during physical endurance training. Huttunen (23) further proposed the following comments on biochemical sequences in physical endurance training. The primary events in the sequence of changes that ensue upon increased physical activity may be the activation of lipoprotein lipase in the peripheral tissues. This leads in turn to a decrease in the concentration of VLDL and to an increase in that of HDL due to the transfer of unesterified cholesterol from cells to nascent HDL, and the activation of LCAT is achieved and involved in this reaction.
Sugano et al. (8) reported that in rats a casein diet increased the serum insulin level which antagonized the action of glucagon. Kritchevsky (7) observed a hypercholesterolemic effect of lysine. From the results of our experiments with dogs and rats, it is presumed that a high intake of animal protein or casein containing a large amount of lysine would cancel or diminish the hypocholesterolemic effect of vegetable protein diet and physical exercise. This effect would account for the absence of changes in lipid composition in blood and the associated lack of reduction of erythrocyte resistance to hemolysis in the dogs in the AP group and in the 24% casein rat group which ingested a high amount of lysine. This may be the reason why sports anemia did not appear in AP dogs and the 24% casein rat groups, while remarkable anemia appeared in the exercising VP and gluten diet rat groups (see Fig. 2 and Tables 3, 5 , 6, S, 9, and 10).
Another factor that can prevent the development of sports anemia is the acceleration of hematopoiesis through the intake of large amount of animal protein, as suggested by Shiraki et al. (24) . Whether or not the acceleration of hematopoiesis is related to the above-mentioned effect of casein on blood lipid changes during physical exercise is a question to be answered in future.
Thus the questions raised by the increased vulnerability of the VP group dogs and of rats on the gluten diet to sports anemia (compared with dogs on the AP diet and rats on the casein diet) can be resolved in large part by recent findings on lipid composition, especially the cholesterol and lysolecithin levels in the blood as influenced by the quality of protein in the diet and on the effect of physical training on lipid metabolism by increased LCAT activity. Thus the theoretical basis for our previous recommendation of a high animal protein diet (2) during vigorous physical training to prevent sports anemia was clarified by the present experiments.
Finally, we suggest that Consolazio et al. (25) did not detect sports anemia in their experiments because the large amount of casein in the diet they used "protected" their subjects from sports anemia . The question pointed out in the introduction concerning inhibiting effect against anemia of the consumption of a large amount of animal protein has been answered by the present experiments and discussions.
From the present experimental results, it is proposed that sufficient dietary animal protein should be provided to develop a strong physique for vigorous physical exercise, and to prevent sports anemia. But for the elderly in whom atherosclerosis must be prevented, it is recommended to take sufficient vegetable protein in the diet and to raise LCAT activity by repeating regular non-stressful physical exercise, for the reduction of cholesterol in the blood and peripheral tissues.
